Introduction
Test construction process and models Foxcroft (2011) identified that the lack of methodological coherence and scientific rigour followed in the construction and validation phases resulted in many instruments being perceived as inadequate. Evidence of the strategies and the rigour in the process of test construction is essential to ensure that instruments are deemed adequate, reliable and valid for use in applied contexts (Foxcroft, 2013) . Thus, a need exists for rigorous studies in scale construction that employ coherent design principles. This manuscript reports on the use of multiple methodologies to strengthen the methodological rigour and coherence in the construction of instruments. The construction process of the emotional social screening tool for school readiness (E3SR) is used as an illustrative case study. DeVellis (2016) conceptualised scale construction as a continuous, well-designed process with four distinct steps, namely (1) theoretical foundation, (2) scale construction, (3) structural validation and (4) preparation of manuals. This framework provides an overarching model for the process of scale construction that underscores the methodological decisions that must be taken in order to develop a sound scale. Each step entails a series of activities that pursue the aim of the respective steps and feed into the overarching model. The first step in DeVellis's model entails the establishment of a theoretical foundation. Three core activities included here are the thorough consultation of the literature to identify current thinking and theory about the construct, available instruments, domains included and definitions used.
Theoretical framework
The need for a contextually relevant and empirically grounded measure of emotional social competence in Grade R children was identified in the literature. The aim of this study was to develop a contextually relevant instrument for emotional social competence in preschool children. The study adopted a four-phase approach with each phase using distinct methodological approaches. This article reports on the use of multiple research methods to achieve methodological rigour and coherence in the construction. Phase 1 used systematic review methodology to establish a theoretical foundation for the instrument. The results identified two domains and nine subdomains that formed the theoretical model for the instrument. In phase 2 stakeholder perceptions of emotional and social competence were identified through concept mapping to increase contextual relevance and sensitivity. The results highlighted that early stimulation and contextual factors impacted school readiness and needed to be included. The construction of the instrument incorporated the findings from the first two stages. The draft instrument was presented to a panel of experts, using the Delphi technique, for validation of content and scalar decisions in phase 3. The results supported the proposed format and content of the screening tool. The resulting instrument was piloted in phase 4 with survey research. Good internal consistency was reported and the factor structure supported. The multiphase methodology provided an overarching framework with methodological rigour and coherence. The grounding in the literature, stakeholder consultation and rigorous validation processes enhanced the resultant instrument. The articulation of one phase into the next ensured methodological coherence.
A major concern in scale construction is the extent to which stakeholder consultation takes place. This is particularly important for enhancing contextual relevance and sensitivity in construct definition (Foxcroft, 2011) . Stakeholder consultation also increases buy-in with users (Kline, 2015) . The theoretical and operational definitions for the proposed scale are developed from the literature and stakeholder consultation in this process.
Step 2 is focused on scale construction. In this step, the selection of items, pre-testing and revision of the scale receive attention. The scalar decisions made are often not reported explicitly or interrogated sufficiently. Thus, this step must ensure that important aspects such as the user group, target group and scoring values are appropriate for the intended scale. During test construction, scalar decisions are often made without due consideration or without the recognition that it constitutes a methodological decision.
The third step is focused on the structural validation of the scale. This step usually includes piloting of the newly constructed instrument. Piloting is often performed with conveniently selected samples without due consideration for methodological or design principles guiding this kind of research process. The resulting data set is then used to establish the psychometric properties of the scale. Typical techniques used include Cronbach's alpha for internal consistency, factor analytics methods for construct validation and where possible convergent or discriminant analyses for criterion referencing. The challenge is that these methods are often applied without testing whether the data set satisfied the requirements for the respective statistical analysis or data reduction as recommended by Kline (2015) . In addition, statistical techniques are applied at a technical level without using theoretical formulations to guide the analytic process (Kline, 2015) .
The fourth step in the model entails the writing of manuals. Particular attention is paid to technical details about the scale construction, guidelines for administration and use and instructions for scoring and interpretation. A particular challenge is that many scales are constructed without the subsequent preparation of manuals detailing appropriate use and construction.
The four steps in this model provide a coherent process that culminates in the accurate conceptualisation, construction and documentation of the scale (DeVellis, 2016) . The model also underscores that construction is a continuous process (DeVellis, 2016) . The revision and ongoing refinement of the instrument follows the same four step process which makes the model cyclical and continuous. The challenge often is that instruments are used with expanding populations and samples without using the feedback loop that contributes to further refinement. The scale becomes a means to an end without attention to the ongoing construction process. This is evidenced by the lack of reporting on psychometric properties of scales when used in subsequent studies (Foxcroft, 2004) .
In short, this model provides a logical process for scale construction, but leaves the operationalisation of steps to the developers. Research and development into scale construction often lacks rigorous attention to methodological principles at the various stages. Thus, there is a need to demonstrate how multiple methodologies can be harnessed to strengthen the activities within each of the steps. Figure 1 
Application of methodology
Step 1: Theoretical foundation From the above discussion, two activities emerged as key considerations in the first step. The first consideration is that the existing body of literature must be consulted and consolidated to identify definitions of the identified construct, and scales measuring the identified construct in part or as a whole. Narrative literature reviews are limited in that they do not provide a systematic, replicable process for filtering through the body of literature. In summative literature reviews, researchers often read specific sources at the expense of more comprehensive searches. The traditional approach to this step can be strengthened with the use of secondary research methods that specifically attempt to filter the body of literature following a specified set of procedures (Gough, Oliver, & Thomas, 2017) . For example, scoping reviews and systematic reviews are recognised research methods that provide a rigorous process for the identification of literature reporting on a particular construct. Scoping reviews are recommended when researchers want to obtain an overview of the available literature reporting on a particular construct (Grant & Booth, 2009) . Systematic reviews reportedly are the highest form of evidence and provide a critical appraisal of the literature to identify good-quality research from which information about the construct can be extracted. Wardlaw (2010) can be consulted for a comprehensive summary of systematic review methodology. The primary consideration is to strengthen this step by replacing narrative reviews with scoping or systematic reviews. A major advantage is that scale developers can identify existing measures and extract information about definitions and theoretical formulations of the construct.
The second consideration is to consult stakeholders about the constructs under study. Through this consultation, contextual relevance of the construct can be enhanced. Stakeholder consultation should follow a rigorous methodological process and can draw on existing methodologies that have demonstrated efficacy in this. Concept mapping is recommended for distilling the perceptions of a variety of
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Step 4 people into one coherent whole (see Pokharel, 2009 for a comprehensive overview). Concept mapping can draw on qualitative methods if more exploratory work is required or quantitative methods if the construct needs further development (Novak & Cañas, 2006) . Through the use of methods like concept mapping, important insights can be gained for consideration in the development of the construct.
The combination of consolidation of the literature and stakeholder consultation can strengthen the resulting theoretical and operational definitions of the construct under study. The use of these methodologies then operationalises at least two activities in this first step. Each of these activities will be informed by well-established methodologies that lend rigour and methodological coherence to the establishment of a theoretical foundation for the proposed scale.
Step 2: Scale construction
The primary consideration in this step can be summarised in two activities. The first activity would be to make scalar decisions explicit. Scalar decisions such as the intended user group of the scale, administration guidelines, scoring keys and the selection of items should all be documented clearly and the decisions substantiated. This process of careful and explicit documentation will become the basis of a draft manual that will be finalised in the final step. The primary consideration is to strengthen this step through improved documentation of decisions with motivation which will ensure an engagement with a more systematic and methodical process of decision-making.
The second activity entails testing the scalar decisions and the pool of draft items against an external panel. Testing and the scalar decisions can be performed through established techniques such as Delphi studies. The Delphi method is an iterative process to collect and distil the anonymous judgements of experts using a series of data collection and analysis techniques interspersed with feedback (Boulkedid, Abdoul, Loustau, Sibony, & Alberti, 2011) . This type of research method employs a qualitative methodology when an interactive panel of experts is invited to share their expertise and work towards a consensus about a set of indicators by sharing expertise and opinions. By employing this methodology, one is able to facilitate an organised discussion that analyses information individually, but also as a set. The steps that are usually followed include (1) identification of a clearly defined research problem, rationale, aim and objectives, (2) the selection of expert panellists, (3) the development of a stimulus document, (4) dissemination of information (stimulus document) in various rounds and (5) analyses of feedback after each round with incorporation of feedback into the next rounds until consensus is reached. See Boulkedid et al. (2011) for a comprehensive review of the Delphi methodology.
Delphi studies present stimulus documents in an iterative process to a panel. The panel provides feedback after each round and revisions are made until there is consensus on the items presented. The draft formulated in the first activity of this step can be used as the stimulus document. Panels are carefully constituted and can include experts and/or stakeholder groups who can provide input from identified vantage points. Delphi studies are well documented as an effective method to establish content validity (Hasson, Keeney, & McKenna, 2000) . The resultant document will be a more refined version that is ready for piloting.
The combination of documenting scalar decisions and Delphi techniques can significantly enhance the construction process. It provides the constructor with an opportunity to record initial considerations and expands the construction team through the inclusion of the Delphi panel. Thus, the end product is strengthened through the introduction of rigorous methods and more explicit reporting that can provide insight into how the resultant scale performs.
Step 3: Structural validation
The primary consideration in this step includes two activities. The first activity is conducting a pilot study of the newly constructed instrument. The pilot study should be conceptualised well to ensure that methodological decisions such as sampling are taken into consideration. Survey research provides a well-established framework for pilot studies that can enhance the methodological rigour of the pilot study and the quality of the resulting data set.
The second activity is the calculation of psychometric properties. This process should be guided by a strong theoretical formulation. Developers must identify whether they are testing a theoretical model or exploring how items load onto factors in a more organic process. The former would set out to test a theoretical model that has been conceptualised a priori. The latter uses a pool of items and examines how items would load onto factors and the number of factors in the solution. Thus, the data reduction process is not merely a technical exercise, but a well thought out analytic process that follows a broader theoretical underpinning.
The resulting data must be tested to determine whether the data conform to the requirements for the selected analysis or data reduction. Testing the assumptions underpinning inferential statistics and data reduction must become empirical questions. This is an important step to ensure that the data support the selected analysis. Establishing the psychometric properties of the scale can proceed with a greater measure of confidence if the assumptions for the data analyses or data reduction were tested. Pilot studies that are more formalised and incorporate good practice methodological principles can strengthen this step substantially. It shifts the focus from technical aspects of establishing psychometric properties to the overall scientific and empirical value of the pilot study.
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Step 4: Revision and manuals
The primary consideration here is to strengthen this step through two activities. The first activity prioritises the production of technical and instructional manuals. Instructional manuals ensure that the resultant instrument is used appropriately. Instructional manuals capture the scientific rigour of the construction process and provide a template for other researchers.
The second activity entails further piloting and refinement either by the primary developers or by other researchers who may use the scale. Primary developers should actively conduct further research on the structural validity of the scale and refine as indicated. Permission should be granted to other researchers to use the scale with the proviso that feedback is provided about the psychometric properties of the scale in subsequent studies. This ensures that there is clear commitment to continued refinement of the instrument. Figure 2 illustrates the link between methods, activities and steps in the model.
Ethical consideration
Project registration and ethics clearance were granted by the Senate Research Committee of the University of the Western Cape (Ethical Clearance number: 14/2/8).
Illustrative case: The emotional social screening tool for school readiness
The E3SR was developed as part of a doctoral study by Munnik (2018) . The aim was to develop an instrument that could assess emotional and social competence in Grade R children as part of school readiness assessment. The aims and objectives of the study reflected the first three steps of the DeVellis (2016) framework. The conceptual framework articulated into a four-phase study. The phases were conceptualised as separate studies with independent methodologies. The results of each phase fed into the succeeding phase to form a coherent whole resulting in the prototype of the E3SR. A comprehensive discussion of the results can be accessed in the unpublished thesis of Munnik (2018) . The phases below are described for illustrative purposes and not a detailed discussion of the results.
Step 1: Establish a theoretical foundation
The first step included two activities that articulated into two separate phases.
Phase 1: Consolidation of the literature
The first phase corresponded to the first activity that was the consolidation of the body of literature reporting on emotional social competence. Systematic review methodology was adopted to conduct two reviews focusing on (1) definitions of emotional social readiness in pre-schoolers and (2) instruments measuring emotional social competence in pre-schoolers, respectively. The reviews took place at four levels: (1) identification of articles with specific keywords or phrases, (2) screening or filtering of the identified articles by abstract, (3) appraisal of the identified article with a quality appraisal tool and (4) the summation of the articles by means of data extraction and meta-synthesis. The Smith Franciscus Swartbooi (SFS) scoring system was used to evaluate the identified studies for methodological quality (Smith, Franciscus, Swartbooi, Munnik, & Jacobs, 2015) . The Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) informed the filtration process used to consolidate the literature (Liberati et al., 2009 ). Reviews were conducted by a team of reviewers. Team meetings were facilitated in which reviewers discussed their assessments. After each operational step, reviewers were provided an opportunity to calibrate their findings.
The first review identified existing definitions of emotional social readiness in pre-schoolers from good-quality literature. Peer-reviewed, full text articles published between January 2003 and December 2013 were identified from a comprehensive search across eight databases selected on their relevance to psychology and education, as well as reference mining and grey literature. A total of 68 titles were identified of which seven articles were included in the final summation. Theoretical and operational definitions and their underpinning behaviours or attributes were extracted. The results indicated that there is no consensus on the definition of emotional and social competence in preschool children.
The second review identified instruments purported to measure emotional or social readiness or competence as part of school readiness. Peer-reviewed full text articles Step 4 Revision and ongoing refinement
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Step 1 TheoreƟcal foundaƟon with a quantitative design published between January 2002 and December 2012 were identified from a comprehensive search across eight databases. Four articles were included in the final summation from 282 titles. Four instruments were identified and data were extracted that included (1) a description of identified instrument, (2) type of instrument, (3) aim of the instrument, (4) target group, (5) theoretical and operational definitions, (6) sample items in domains, (7) administration, (8) language of construction and (9) psychometric properties. The review indicated the need for a single-form, strengths-based screening instrument rather than a diagnostic tool. The results indicated that ease of administration and interpretation would allow for a wider application across the health professions. An integrated instrument would thus be more applicable and beneficial in the South African context. The review identified the lack of psychometrically sound, contextually appropriate measures for school readiness more specifically emotional or social readiness as a domain of school readiness.
Phase 2: Stakeholder consultation
Concept mapping was used to consult stakeholders about their perceptions of school readiness and emotional social competence as a domain of school readiness. Five focus groups were conducted with a purposive sample of 23 educators, 9 professionals and 9 parents. Two semistructured interviews were conducted with an educator and a paediatrician, respectively, who were unable to attend the focus groups. Participants were recruited from a mixture of socio-economic areas to provide a cross-section of contextual considerations at play. Data collection and analysis happened concurrently until saturation was reached (Creswell, 2007) . The conventions of reflexivity, dependability and trustworthiness of data were adhered to. Thematic analysis informed by Braun and Clarke (2006) was used and produced four core themes. The results were used to develop an interpretable conceptual framework, expressed in the language of the participants. This resulted in a more nuanced and contextualised understanding of emotional social readiness. The resultant concept map illustrated that understandings of children's emotional social readiness cannot be separated from the systems within which they function. Societal, community, educational and familial systems act as the overarching framework and influence children's emotional social readiness before school entry.
The findings from phases 1 and 2 formed the basis for developing theoretical and operational definitions of emotional and social competence as primary domains. Nine subdomain definitions were operationalised for (1) emotional maturity, (2) emotional management, (3) independence, (4) positive sense of self, (5) mental well-being and alertness, (6) social skills or confidence, (7) pro-social behaviour, (8) compliance to rules and (9) communication. These definitions formed the basis for a contextually sensitive theoretical model for the proposed instrument.
Step 2 was achieved through the third phase of the study. Phase 3 had two subsections that corresponded to the two activities identified in the second step. Subsection A entailed the construction of the proposed measure. Subsection B entailed a Delphi study.
Sub-phase A entailed the development of the draft screening tool and a pool of test items. The developmental phase included steps as proposed by Foxcroft (2013) and Taguma (2000) . Firstly, the intended aim or purpose of the tool was established. Secondly, the constructs were defined and operationalised and a pool of items generated. Thirdly, decisions were made about the content and format of the test. All of these steps resulted in the prototype.
Sub-phase B entailed external validation. The Delphi method fulfilled the validation process with a panel of 11 experts. The stimulus document included questions about the test construction (scalar) choices such as domain identification, theoretical and operational definitions and item writing. The stimulus document included three sections: (1) the aim and core constructs (i.e. aim, purpose, target population, theoretical and operational definitions), (2) the instrument (i.e. composition of the demographic section and the proposed items of the E3SR) and (3) technical aspects of the prototype (i.e. type of scale, scoring and general administration prompts).
Revisions were based on the feedback of the panellists. If consensus was reached (above 70%), the prompt or item was retained and not included again in subsequent rounds. Stimulus prompts were revised if the level of agreement was between 50% and 70%. Items that obtained levels of agreement that were below 35% were revised, replaced or omitted. The replacement stimulus prompts and revised prompts were included in the subsequent rounds. Qualitative data were also obtained that assisted with the revision or refinement of constructs and/or items. During round 1, consensus was reached on the majority of questions about the form and function of the prototype. The majority of the items (n = 74) were retained in their original format. Twenty items (n = 20) were retained and revised, and 28 items (n = 28) were omitted. Seven new items were included in round 2. Reversed items initially scored poorly, but were retained and identified as such in the second round. Consensus was reached on the form, function and content of the proposed screening tool after the second round after which the Delphi was concluded. The Delphi study established face and content validity. The findings were incorporated into a pilot version of the screening instrument now named the E3SR.
The third step was achieved through phase 4. Phase 4 entailed a pilot study that aimed to establish the psychometric properties of the instrument. The first activity consisted of a cross-sectional survey conducted with a local sample of 26 preschool teachers in the Western Cape region in South Africa who completed 493 protocols in which they assessed preschool-aged children for emotional and social competence. The survey included a biographic questionnaire and the E3SR.
The second activity comprised advanced statistical analysis to determine the psychometric properties of the scale. Reliability was assessed through internal consistency. The nine sub-scales showed good to excellent Cronbach's alphas ranging from 0.794 to 0.951. Construct validity was established using data reduction methods. The assumptions for data reduction were tested and the results proposed that the data would support factor analytic methods. Confirmatory factor analyses supported the theoretical nine-factor solution of the E3SR, whilst exploratory factor analyses provided an improved seven-factor model. The results suggested revisions to increase the model fit.
Step 4: Refinement and revision
The fourth step will be achieved through a postdoctoral study. The first activity will entail the revision of the E3SR based on the recommendations of Munnik (2018) . The revised instrument will be piloted with new samples and the psychometric properties established. The second activity will entail the finalisation of instructional and technical manuals, as well as copyrighting of the E3SR. Thereafter permission can be granted to other researchers to use the E3SR in their studies with the agreement to feed information about the scale in those studies back to the scale developer. In this way, the E3SR will be refined and revised. Munnik (2018) used the theoretical formulation of DeVellis (2016) to construct a screening tool for emotional and social competence in preschool children. The first three steps of the model articulated into a four-phased study that contributed to the empirical underpinning of the construction process. Methodological rigour was applied to the conceptualisation of the instrument including well-established methodologies such as systematic review, concept mapping, Delphi study and survey research. A theoretical model was developed for the proposed scale from the theoretical foundation established through the consolidation of the literature (systematic reviews in phase 1) and stakeholder consultation (concept mapping in phase 2). The contextual sensitivity and relevance of the theoretical model were enhanced through consultation with stakeholders groups in the conceptualisation phase. This process also increased buy-in through stakeholder consultation consistent with the recommendation by Pokharel (2009) .
Discussion
The conceptual model was operationalised in the construction phase through scalar decisions and item writing resulting in a prototype. The prototype was subjected to a Delphi process that provided expert validation. The panel of multidisciplinary experts in the Delphi also represented different cultural groupings, providing a second opportunity for enhancing contextual sensitivity. The expert panel endorsed all scalar decisions that established face and content validity in only two rounds attesting to the enhanced quality of the prototype resulting from the more rigorous conceptualisation process.
The pilot study used a robust design with a larger than recommended sample to establish construct validity through the combination of exploratory factor analysis (EFA) and confirmatory factor analysis (CFA). Exploratory factor analysis provided insight into sources of variance, whereas CFA tested the theoretical model underpinning the instrument. The theoretical model for the E3SR was adopted and revisions were recommended for further refinement. Further refinement will draw on the proposed revisions and the revised instrument will be piloted with new samples. This will be operationalised through a postdoctoral study aimed at refinement and preparation of the manuals.
Significance of the study
The present study contributed to the identified limited research conducted in South Africa on test construction in general and the design of instruments to measure emotional social skills or competencies as a domain of school readiness in particular (e.g. Bustin, 2007) . The present study also contributed to addressing the lack of reliable and valid instruments, resulting from adaptation, poor test design or inadequate piloting (Laher & Cockcroft, 2014) . This multi-method approach was not mixed methodology. It constituted methodological triangulation between theory and method. This increased the methodological rigour and enhanced the resultant screening tool. The multimethod approach could act as a blueprint or framework for test construction in education and psychology. Clinicians usually use a variety of diagnostic and screening tools without an appreciation and acknowledgement of the methodological and conceptual underpinning of the instrument. Research and development is often dictated by clinical interest and a focus on content. This study would assist clinicians with shifting to a more balanced position where they are able to use empirical methods in test construction. It also provides a way for clinicians to evaluate new and existing instruments in that the model highlights the important psychometric aspects one has to consider in selecting a test.
The present study was a collaboration between the Department of Education and the University of the Western Cape, demonstrating the powerful results that could result from such collaborative initiatives.
This study forged important stakeholder relationships that paved the way for further adaptation and refinement of the resultant screening tool, ongoing collaborative research and knowledge exchange, as well as knowledge translation of assessment principles and developmental milestones for the target group. Ultimately, this process increases the likelihood of adoption into a variety of health professional practices.
The operationalisation of DeVellis's model through multiple methods might make the theoretical and methodological underpinnings of test construction accessible, understandable and easier to use in scale construction. This, in turn, can foster more effective use and application of instruments, and promote construction and adaptation studies.
Concluding remarks
The methodological choices in the case study contributed to the establishment of a contextually appropriate screening tool designed in and for the South African context. The construction of the E3SR illustrated how various methodologies can be used to strengthen overall design. Clear methodological processes with sound methodological decisions assist in enhancing the end product without compromising the process of research. It underscores the importance of explicit methodological decisions and the benefits of using theoretical frameworks. The fourphase study with the respective methodologies proved to be a thorough process that contributed to methodological rigour and coherence despite being time-consuming. The rigour of the empirical process followed during construction provided a strong foundation for the screening instrument that ultimately increased the confidence with which the instrument could be applied in practice.
